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To use the unique element-specific nature of polarized x-ray techniques to study a wide variety of
problems related to magnetic materials, we have developed a dual-branch sector that simultaneously
provides both hard and soft x-ray capabilities. This facility, which is located in sector 4, is equipped
with two different insertion devices providing photons in both the intermedat&-3 ke\ and

hard x-ray regiong3—100 keV. This facility is designed to allow the simultaneous branching of

two undulator beams generated in the same straight section of the ring00® American Institute

of Physics. [DOI: 10.1063/1.1435814

I. INTRODUCTION Il. SECTOR LAYOUT

The production of high-intensity polarized x rays at The layout of the APS sector 4 polarized x-ray facility is
third-generation light sources has led to the development ahown in Fig. 1. The beams from each insertion device enter
many new types of polarization-modulated x-ray diffractionthe first optics enclosuré~OE) where a set of horizontal
and spectroscopy techniques. Research in magnetic materiadsrrors is used to separate the intermedidtéD-C) and the
has particularly benefited from these new techniques, whereard (4-ID-D) x-ray branch lines. The insertion device for
polarized x rays provide unique information not readily the intermediate range is a fully electromagnetic undulator.
available via other methodsin particular, the importance of This device is a circularly polarizing undulaté€PU) that
photon helicity in spin-dependent magnetic interaction hagan provide left or right circular, as well as horizontal- and
led to an increased demand for high-quality circularly polar-vertical-linear, polarization states(see Table | for
ized x-ray sources. Sector 4 of the Advanced Photon Sourgearameters® The insertion device for the hard x-ray branch
(APS) has been developed to provide such capabilities. Thigs a standard APS undulator(&ee Table Il for parameterd
sector is designed with two branch lines each with its ownThis device produces horizontally polarized hard x rays in
insertion device. A unique feature of this facility is that, al- the plane of the orbit, which are subsequently converted to
though both insertion devices are placed in the same straiglircular polarization through the use of phase retarding op-
section of the storage ring, they are oriented such that eadits (see Sec. IV.
can be used simultaneously without affecting the operation In order to separate the beams originating from the hard
of the other branch. Furthermore, one insertion device haand soft x-ray undulators, the axes of the undulators are
been designed to produce x rays at intermediate energieanted as depicted in Fig. 2. The electron beam is first devi-
(0.5-3 keV, while the other produces x rays at hard x-rayated by 135uradians towards the center of the ring by a
energieg3—100 keV. Therefore, this facility offers the abil-
ity to examine the same sample over a wide energy range. AB\BLE |. Source parameters of the CPU.
of August 2001, the construction of both branch lines is com

plete and commissioning activities are in progress. Zﬁ:::fer o vertical poles 15'58 cm
Number of horizontal poles 36
Length 24 m
Vertical pole gap 8 mm

Phugloamiseion Maximum magnetic field 024T
Microscopy First harmonic energy range 0.5-3 keV
Electromagnet dc stability <1%
Total power 800 W
Int. X-ray Branch SGM
0.5 to 3 keV
FOE (4-ID-A) 41DB 41IDD
] Mi Hard X-ray Branch TABLE II. Source parameters of the undulator A.
ki 3 to 100 keV
. ) ) Period 3.3cm
FIG. 1. Layout of sector 4 showing both intermediate and hard XY\ umber of periods 72
branchlines. FOE—first optics enclosure; and SGM—spherical gratinq_ P
ength 24 m

monochromator. -
Minimum gap 11 mm
Maximum K 2.77
Minimum first harmonic 2.92 keV
Maximum field 0.899 T
Total power 6.0 kw
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FIG. 2. Canted orientation of sector 4 undulators. CPU—circularly polariz- . . . . .
ing undulator. optics are shown in Fig. 4 and described in more detail

elsewheré. This system was previously in operation in sec-
tor 2 of the APS. The beamline is designed to provide high-

Intermediat ) X
8 %T:ysm © resolution photons for spectroscopy in the 0.5 to 3 keV re-
,/' gion. At a resolving power of 5000 at 1 keV, the flux is
Spherical , ~10' photons/s delivered into a 02(x2(h) mm spot.
Fixed 1&% Initial measurements of the circular polarizatiqn,, using
Mi'Sk =T the magnetic circular dichroism of standard samples, indicate
Fixed 1.10 e i - that p.>96%.
Mask _ - Hard Currently, the beamline is equipped with two end sta-
I | X-rays i . i i
| tions: one for field- and temperature-dependent absorption,
11\’/}?1“9 and the second for photoemission microscOBZEM). Ab-
- e 2.6 m > sorption in the first station can be measured both by total
ggfgfs electron yield and partial fluorescence yield using an energy-

discriminating Ge/detector. With the sample situated at the
FIG. 3. Schematics of the optics for additional beam deflection in the firsteand of a liquid He flow cryostat in the poles of &m situ
optics enclosur¢FOB). electromagnet, the temperature can be controlled from 30 to

450 K in magnetic fields up to 1 kOe. The second station is

fixed dipole magnet before traversing the CPU. After thea commercially built PEEM with integral sample stage from
CPU, a second dipole deflects the beam outward by 27@®micron Associates.

uradians before entering the undulator A. A third dipole

magnet then returns the beam to the normal orbit. These

deviations provide a 27@radian splitting of the two x-ray IV. HARD X-RAY BEAMLINE

beams. At 30 m from the source, this separates the beams by A schematic of the optical layout for the hard x-ray

8 mm, which provides sufficient room for optics to capturepranch (beamline 4-ID-D is shown in Fig. 5. All optical

and separate the beams. components for this beamline are located in the second op-
The optics for additional beam deflection are containedics enclosuré4-1D-B) indicated in Fig. 1. The optics consist

in the FOE, as shown in Fig. 3. The first element in the FOEof a set of tungsten slits, a double-crystal monochromator,

is the fixed mask that reduces unwanted power in the bearyo phase-retarding crystals, and two mirrors. The phase re-

and selects out the central cone of the first harmonic. Aftetarders or mirrors can be removed from the beam depending

the second fixed mask, the hard x-ray beam travels straighin the experimental requirements.

through the FOE and down to the first experimental hutch  The monochromator for the hard x-ray branch is a fixed

described in Sec. IV. The intermediate x rays are reflecte@xit beam design where the energy is chosen by rotating

though a set of two horizontal mirrors to increase the beamabout an axis through the first crystal and adjusting the po-

separation and direct the beam outward into the intermediat€jition of the second crystal to maintain a fixed exit beam.

x-ray beamlingsee Sec. Il In order to preserve the polar- The offset height between the monochromatic and white

ization of the beam and maintain high reflectivity up to 3peam is variable between 10 and 35 mm. Using(1il)

keV with only simple mirror coatinggRh in this casg an  crystals, the energy range that can be covered is 2 to 45 keV

incident angle of 1.1° is used. The first mirror has a planeyith a resolution ofAE/E 1.4x 10" 4. Other crystals can be

figure, while the second is spherical with a radius of 1610 mysed to extend the energy range of the monochromator up to

determined by the distance to the first end stati®h m). 100 keV. Both crystals of the monochromator are cryogeni-
Both mirrors are made out of Si with cooling provided by Cu

side clamp$. Since the power in the CPU is o640 W)
and the footprint is largé200 mmn), the power density is
reduced to a level where this type of cooling is adequate.

IIl. INTERMEDIATE X-RAY BEAMLINE

Once the horizontal mirrors system has directed the 519m  54.6m 57.0m 58.6m  60.6m

x-ray beam into the intermediate x-ray bran@eamline FIG. 5. Layout and distance from the source of the major optical compo-

4-1D-C), the x ray passes th.rO.Ugh a spherical gra'ting MONOpents of the hard x-ray brancta) Slits, (b) double-crystal monochromator,
chromator(SGM) before arriving at the end stations. The (c) phase retardersgd) focusing mirror, ande) flat mirror.
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FIG. 6. Calculated intensitysolid) and the linear(dashed and circular £, 7. Flux and circular polarization rate expected for the first harmonic of
(dotted polarizations vs deviation from the Bragg angle for the beam trans+he yndulator after transmission through the diamond phase retarder.
mitted through a 40Qsm-thick (111) diamond at 8 keV.
the beam vertically. There are also two grooves with fixed

cally cooled with liquid nitrogen, to dissipate the heat of theradii of 80 and 345 mm transverse to the beam for horizontal
x-ray beam and maintain an equal lattice spacing. focusing. The 80 mm groove nominally focuses the beam at

A unique element of the optical design of this beamlinethe center of the experimental statiGfé m from the sourge
is the manipulation of the polarization of the x-ray beamfor a 3 mrad incident angle, while the 345 mm groove is used
using phase-retarding crystdl#n this optic, the x-ray beam t0 collimate the beam. The focal spot from the mirror is
is transmitted through a thin crystal oriented near a Brag@XPected to be-300.mXx100.m. The beam reflected off
reflection. The wave fields inside a crystal propagate witfhe first mirror can enter the experimental station for angles
different phase velocities for different linear directions of UP to 3.7 mrad. For higher incident anglénd to have a
polarization. This results in a phase differendgewhich is horizontal beam in the experimental stafiora second
related to the degree of linear and circular polarization in thé)-8-m-long palladium coated flat mirror can be used.

transmitted beam by Figure 7 shows the expected circularly polarized flux for
the first harmonic in the experimental station using the phase

_2\/r|u s P _ZM ins 1) retarder. If circular polarization is not required, the phase

in =7 Sy, €980 Fere™ T Ty SO retarder can be removed, and the flux will increase by ap-

wherel, andl, are the intensities of the polarization com- proximately a factor of 5. N .

ponents in and out of the diffraction plane. To get a circularly . In con_clu§|on, the comb|nat|o_n of \.N.'de energy range

polarized beam, these intensities must be the same,éandWlth polarization control makg this facility a unique and

must be equal tar/2. Equal intensities can be obtained by valuable resource to the experimental community.
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